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Abstract:  A new method to modify the solidiﬁ  cation microstructure of titanium alloys, named melt hydrogenation, 
by adding TiH2 as additive into the melt of titanium alloys during induction skull melting process (ISM), is put 
forward and the reﬁ  ning effect of this method on the solidiﬁ  cation microstructure of Ti-6Al-4V alloy was studied 
experimentally. After melt hydrogenation, the grain sizes of as-cast Ti-6Al-4V alloy decreased to 612 μm from 1,072 
μm, lath-shaped α phase was also reﬁ  ned and ﬁ  ne α/β lamellar microstructure was formed when 1.0 wt.% TiH2 
was added. δ-hydride was found in the X-ray diffraction (XRD) spectra of Ti-6Al-4V alloy that prepared with 1.0 
wt.% TiH2 added and the δ-hydride distributes in α phase as acicular precipitations.
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or titanium alloys, the solidification microstructure 
of casting is mostly coarse equiaxed grain. Many 
researchers pay attention in reﬁ  ning the coarse solidiﬁ  cation 
microstructures of titanium alloys 
[1]. Presently, thermohydrogen 
treatment, by using hydrogen as a temporary alloying element, is 
used in reﬁ  ning the microstructures of cast titanium alloys 
[2]. The 
modiﬁ  cation of microstructure by thermohydrogen treatment 
(THT), also called thermochemical processing (TCP), draws 
attention extensively in recent years 
[3-5]. In the thermohydrogen 
treatment process, hydrogen is introduced into titanium alloys 
by holding the titanium alloys at a relatively high temperature, 
up to β phase zone in the phase diagram, in a hydrogen 
environment 
[6-9]. The microstructure refinement is obtained 
by reversible alloying of hydrogen, heating effect, and the 
influence of phase transformation kinetics and martensite 
transformation 
[9-11].
  However, for thermohydrogen treatment, owing to the low 
diffusion coefficient of hydrogen in titanium alloys in solid 
state 
[12-15], it takes hours or even days for thin wall casting to 
finish the process. Considering that the diffusion coefficient 
of hydrogen in titanium alloy melt is larger than that in solid 
state, if hydrogen could be introduced into the titanium alloys 
in melt state during the melting process, hydrogenation can 
be proceeded more rapidly. Therefore, by combination of 
the induction skull melting (ISM) and hydrogenation, a new 
method of hydrogen treatment, named melt hydrogenation, is 
put forward and studied experimentally. 
1 Experimental details
The material used in this study is TC4 (Ti-6Al-4V) alloy. 
High purity titanium dihydride powder (TiH2) was used as the 
hydrogen source for the melt hydrogenation. TiH2 powder was 
weighed by analytical balance with 0.01 mg precision.
  Experiments were carried out in the furnace that used for 
induction skull melting (ISM), as shown in Fig. 1. Firstly, 
the specimen was placed into a water cooled copper crucible, 
and the melting chamber was evacuated to a low pressure of 
0.75 Pa, and then reﬁ  lled to 300 Pa with Ar to avoid element 
evaporation. Secondly, heating the specimen and kept the 
melt at a superheating temperature of about 50-80 K for ﬁ  ve 
minutes in order to obtain a stable melt pool. Thirdly, the feed 
bar made of TiH2 powder was dipped into the melt. Finally, the 
melt was cooled to room temperature (298 K, 25℃). Skull was 
formed owing to the chilling that created by the water-cooling 
system in the copper crucible. The skull separated the melt 
from crucible material and thus avoided the contamination of 
the highly reactive titanium alloy melt. 
  In order to compare the difference between the solidiﬁ  cation 
microstructure of Ti-6Al-4V alloys that prepared with 
melt hydrogenation and those without melt hydrogenation, CHINA FOUNDRY Vol.7 No.2
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specimen of Ti-6Al-4V alloy were also prepared without 
adding TiH2 powder. Macrostructure, microstructure and phase 
constituent were studied by means of optical microscope, 
X-ray diffraction (XRD), scanning electron microscope (SEM) 
and transmission electron microscope (TEM).
2 Results
Macrostructure of the as-cast Ti-6Al-4V alloy that prepared 
without melt hydrogenation is shown in Fig. 2. Result shows 
that the as-cast alloy contains coarse equiaxed grains, which 
have an average grain size of 1,072 μm. The skull formed is 
very thick and there is a big shrinkage cavity at the middle 
upper part of the cast ingot. This indicated that the usable 
portion of the cast ingot is low. 
Fig. 1: Schematic of melt hydrogenation process
Fig. 2: Macrostructure of as-cast Ti-6Al-4V alloy 
without melt hydrogenation
Fig. 3: Macrostructures of as-cast Ti-6Al-4V alloy: 
           (a) with 0.75 wt.% TiH2; and (b) with 1.0 wt% TiH2 
           added
  Macrostructures of the as-cast Ti-6Al-4V alloy that prepared 
with 0.75 wt.% TiH2 and 1.0 wt.% TiH2 added into the 
melt during ISM process are shown in Figs. 3(a) and 3(b). 
The as-cast alloy composed of equiaxed grain after melt 
hydrogenation, but the grain size is much smaller when 
compared with those prepared without melt hydrogenation. 
The average grain size is 771 μm and 612 μm for alloys with 
0.75 wt.% TiH2 and 1.0 wt% TiH2 added, respectively.
  Shrinkage cavity can be found in all cast ingots, but the cavity 
size and the skull thickness of the alloy that prepared without 
melt hydrogenation is the greatest. The decrease of cavity 
size implied higher amount of the cast ingot can be used. The 
reason for the decrease in skull thickness and shrinkage cavity 
volume is that the presence of hydrogen increases the melt 
ﬂ  owability during solidiﬁ  cation.
  Scanning electron microscope (SEM) observations on the 
alloy microstructure is shown in Fig. 4: (a) without melt 
hydrogenation, (b) with 0.75 wt.% TiH2 and (c) with 1.0 
wt.% TiH2 added into the melt during ISM process. Lath-
shaped α  phase in β  matrix can be seen clearly in alloy that 
prepared without melt hydrogenation, as shown in Fig. 4(a). 
Microstructure of the alloy prepared with melt hydrogenation 
depends on the added percentage of TiH2. The laths of α phase 
were refined and fine α/β  baskets structures were presence 
when 0.75 wt.% TiH2 was added, as shown in Fig. 4(b). Then 
the α/β  bunches grow up and α/β  lamellar structure forms 
when 1.0 wt.% TiH2 was added, as shown in Fig. 4(c). The 
volume fraction of β phase increases while α phase was being 
refined and α/β  lamellar was formed during solidification 
process after melt hydrogenation. 
  XRD spectra of the alloy are shown in Fig. 5. Only α phase 
and β phase diffraction peaks appeared in the spectra of alloy 
that prepared without melt hydrogenation, as shown in Fig. 
5(a). For samples with melt hydrogenation, the diffraction 
peak intensities of α  and β  phase increase significantly 
when compared with those that prepared without melt 
hydrogenation. As shown in Fig. 5(b), δ-phase was formed 
when 1.0 wt.% TiH2 was added. The existence of the δ-phase 
verified that hydrogen element was being added effectively Research & Development
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into the melt of Ti-6Al-4V alloy during ISM process, 
and the method of melt hydrogenation is feasible.
  Figure 6 shows the TEM bright field images of 
the phases in Ti-6Al-4V alloy: (a) without melt 
hydrogenation and (b) with 1.0 wt.% TiH2 added during 
ISM process. Microstructure of the as-cast Ti-6Al-4V 
alloy is α/β lamellar for samples that prepared without 
melt hydrogenation and with 1.0 wt.% TiH2 added. 
In Fig. 6(a), the light areas areαphase and the dark 
areas are β  phase, while in Fig. 6(b), the light areas 
are β  phase and the gray areas are α  phase. Acicular 
precipitations were detected, they distribute in parallel 
with the martensite α  phase and inclined at an angle 
with the interface of α/β  lamellar, as shown in Fig. 
6(b). These precipitations are δ-hydride with F.C.C 
structure, as shown in Fig. 6(c). 
Fig. 4: Microstructures of as-cast Ti-6Al-4V alloy: (a) without melt hydrogenation; (b) with 0.75 wt.% 
TiH2, and (c) with 1.0 wt.% TiH2 added
Fig. 5: X-ray diffraction patterns of as-cast Ti-6Al-4V alloy: 
           (a) without melt hydrogenation, and (b) with 1.0 wt.% TiH2 
           added
Fig. 6: TEM bright ﬁ  eld images of the phases in as-cast Ti-6Al-4V alloy: (a) without melt hydrogenation; (b) 
with 1.0 wt.% TiH2 added into the melt during ISM process, and (c) SADP with a zone axis of   δ ［111］CHINA FOUNDRY Vol.7 No.2
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3 Discussions
Melt hydrogenation is supposed to introduce hydrogen 
element into titanium alloys and refines the solidification 
structure of titanium alloys by the effects of hydrogen as an 
alloying element. If this method is feasible, the hydrogenation 
of titanium alloys can be carried out during producing process 
of cast ingot, which will save the time of hydrogenation 
effectively, compared with thermohydrogen treatment (THT) 
or thermochemical processing (TCP).
  During melt hydrogenation process, the added TiH2 
decompose readily.
       TiH2 →TiHx + (2-x) H, and TiHx→Ti + xH       (1)
  Firstly, hydrogen originated from the decomposed TiH2 can 
be absorbed by the titanium alloy melt and diffuses uniformly 
and rapidly. Then hydrogen in the alloy melt dissolved in the 
α and β phase during the solidiﬁ  cation process, and eventually 
forming hydride in the α phase.
      Ti + xH→TiHx, and TiHx + (2-x) H→TiH2       (2)
  Experimental results indicated that hydrogen can be added 
into the Ti-6Al-4V alloy melt by melt hydrogenation method, 
and affected the solidification microstructure of Ti-6Al-4V 
alloy. 
  Hydrogen is a stable element for β  phase. The volume 
fraction of β  phase increases owing to the existence of 
hydrogen in the melt of Ti-6Al-4V alloy. 
  Melt hydrogenation method, which can be carried out by 
adding TiH2 into the melt of titanium alloys during ISM 
process, is feasible for microstructure reﬁ  nement; however, its 
mechanism is not clear yet and further research is needed. 
4 Conclusions
Melt hydrogenation method, which uses TiH2 as an additive 
and added into the titanium alloy melt during ISM process 
is feasible. After melt hydrogenation, the skull formed 
during ISM process becomes thinner and the shrinkage 
cavity becomes smaller. These increase the amount of 
usable cast ingot that produced by ISM process. The as-
cast macrostructure of Ti-6Al-4V alloy can be modified 
and the average grain size of the cast ingot can be reduced 
by almost 50% after melt hydrogenation. Besides, the lath-
shaped α  phase was refined and the volume fraction of β 
phase increased. After melt hydrogenation, the solidiﬁ  cation 
structure of Ti-6Al-4V alloy can be reﬁ  ned.
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